«* A circui - t - un r3rtr" and a" imeLhe cU-for 
pjpe efriiiiiy o circuit un.it - 

This invention relates to a circuit unit comprising at 
least an insulating substrate on which a conductive coil is 
located, and an integrated circuit whose connection points 
are electrically connected with the coil ends. The invention 
relates further to a method for producing such a circuit 
unit. ftlJLF^^ TL^v30LO^Y 

Circuit units of the above type are known from the prior 
art/ being designed for example as compact electronic modules 
which are inserted in chip cards for noncontacting data ex- 
change with a terminal. For example US-PS 4,999,742 discloses 
a circuit unit in the form of an electronic module with an 
insulating substrate on which a ring-shaped wound coil is 
glued. The coil ends are guided into the receiving space 
arising through the ring-shaped coil, and electrically con- 
nected there with the connection points of an integrated cir- 
cuit. The receiving space for the integrated circuit and coil 
ends is cast with a casting compound for protecting these 
sensitive components from mechanical loads. 

The electronic module known from US-PS 4,999,742 has a 
compact structure but the coil must be wound in a separate 
method step and glued on the insulating substrate in a fur- 
ther method step. 

However, the as yet unpublished German patent applica- 
tion P 44 16 697.4 discloses a circuit unit in the form of a 
chip card having printed on one card layer of the multilayer 
card body a coil from a conductive lacquer whose ends are 
electrically connected with the connection points of an inte- 
grated circuit. 

The structure of the circuit unit known from patent ap- 
plication 44 16 697.4 has the advantage that the coil is 
printed directly on a card layer so that the method step of 
applying a separately manufactured coil to an insulating sub- 
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strate is omitted. For some applications of the circuit unit, 
however, it is desirable for the coil to have a higher number 
of turns than can be realized with the structure explained 
above. Furthermore it may be desirable to provide the circuit 
unit with relief embossing. One must then make sure the 
printed turns of the coil, which are generally formed as a 
very thin layer, are not interrupted. Also, the production 
method for the circuit unit should be further optimized with 
regard to- inexpensive mass production. 

It is -therefore the problem of the invention to further 
improve the abovementioned circuit unit and at the same time 
in particular to extend its range of applications. It is fur- 
ther the problem of the invention to propose a method for 

producing such a ^rrcuij ^t^^ OPm , XUv^aoO 
pr-nHl ^j n 4 - g . fin 1 v pH hy rh n i nd ftpondont o ±g*mg-r- 
One advantage of the invention is to be seen in that a 
higher number of turns can be realized than on the structure 
known from German patent application 4 4 16 $97.4. The coil 
can still be applied directly to the substrate of the circuit 
unit so that an additional method step for applying a sepa- 
rately manufactured coil is unnecessary. This is made possi- 
ble by the fact that coil layers and insulating layers are 
applied alternately to the insulating substrate, the individ- 
ual coil layers being electrically interconnected via plated- 
through holes so as to yield a coil. The coil layers and in- 
sulating layers are preferably printed on. Alternatively it 
is also possible for the insulating layers to consist of thin 
insulating foils on which the coil layers are printed on one 
or both sides. The throughplating through the insulating lay- 
ers can be done in the simplest case by providing windows or 
holes in the insulating layers through which the conductive 
material of the coil layers penetrates when the coil layers 
are printed on or the layers laminated together. Additional 
conductive material can likewise be applied for throughplat- 
ing, or additional conductive elements provided. 



A further advantage of the invention is to be seen in 
that the circuit unit can be manufactured especially easily 
by the multiple-copy method, since one can apply the coil 
layers and also the insulating layers (depending on the em- 
bodiment) using printing technology, with which multiple-copy 
production is commonplace . 

Furthermore the invention has the advantage that the 
coil ends can be adapted especially easily to the various 
possibilities of forming the electric connection between the 
coil ends and the connection points of the integrated cir- 
cuit. 

Furthermore it is advantageous that the invention per- 
mits relief embossing of the circuit unit without restric- 
tion, with no danger of one or more turns of the coil being 
interrupted. For this purpose the turns of the coil are 
guided outside the relief embossing area of the circuit unit 
or between the individual relief embossing lines, whereby the 
width of the turns can be greater than the line spacing for 
compensating production tolerances, or the turns run in the 
area of the embossed characters but are wider than the char- 
acter size, W-SOteTOOtO OPTWU ^PiVOEjOCrS 

Some embodiments and further advantages of the invention 

will be explained in connection with the following figures, 
in which: 

Fig. 1 shows a circuit unit in a plan view, 

Fig. 2 shows a circuit unit in a perspective view, 

iu-tu . 

Fig. 3 shows a cross section along line-A^- — ftr of Fig, 2, 

Figs. 4, 5 show embodiments for contacting a coil with 
an integrated circuit or module, 

Figs. 6 to 10 show embodiments for throughplating for 
forming an electric connection between opposite coil layers 
in cross section, 

Fig. 11 shows a circuit unit with marked relief emboss- 
ing fields in a plan view, 

Figs. 12, 13 show embodiments for forming and arranging 
turns of a coil as an enlarged detail in a plan view. 



Fig. 1 shows systematically .a- circuit unit in the form 
of a chip card for noncontacting data exchange in a plan 
view. The dimensions of such chip cards are identical with 
the dimensions of chip cards for contacting data exchange, 
which are fixed in ISO standard 7810. The circuit unit con- 
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tains insulating substrate 1 in the form of a card layer on 
which coil 3 is located whose ends 15 and 19 are electrically 
connected with the connection points of integrated circuit 7. 
The integrated circuit can also be cast into a module which, 
for easier contacting of integrated circuit 7 , has contact 
surfaces which are electrically connected with the connection 
points of integrated circuit 7. The turns of coil 3 run along 
the outer edge of the card layer, yielding a large-area coil 
in the interests of high energy input. 

Fig. 2 shows a perspective view not true to scale of an 
inventive circuit unit which is produced as described in the 
following. On insulating substrate 1, which exists e.g. in 
the form of a card layer (see Fig. 1) one first applies first 
coil layen 9, which is dash-lined in Fig. 2 and can contain a 
plurality of turns (coil layer 9 shown contains only one turn 



Coil layer^9 is 
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in order not to complicate the drawing) 
preferably printed on with a conductive lacquer, but it is 
also possible to spray on the coil layer using a correspond- 
ing mask, or to etch it out of a conductive coating located 
on the substrate. Other production techniques are conceiv- 

able * 

After applying coil layer^9 one applies to insulating 
substrate 1 insulating layer 11, which is hatched in Fig. 2 
and covers the turns of coil layer. 9. Insulating layer 11 has 
window 13 and is applied to coil layer^? in such a way that 
£vc^ v end 15 of coil layer ^"is not covered thereby and at least 
the end of the last turn of coil layer 9 is accessible 
through window 13. Insulating layer 11 is preferably likewise 
printed on, but it is also possible here to spray it on using 
a corresponding mask or to use as insulating layer 11 a thin 
insulating foil, etc. 
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0 In a further method step one applies further coil layerS^io^ 
^ 17 to insulating layer 11 using the same^techniques as for 

^ applying coil lay^r^^T Further coil layer 17^ is preferably 

*^ *3ex^ iO A 

also printed on. Coil layer 17 is electrically connected with 

A 

coil "layer 9 through window 13 in insulating layer 11/ yield- 
TV ing coil 3 consisting of coil iayei^s- 9 and 17. One can fa- 

cilitate the formation of an electric connection between coil 
(V iai^&s 9 and 17 by making the coil ends which are electri- 

cally interconnected wider than the turns of the coil, as 
also shown in Fig. 2. It is easy to realize such widening by 
printing technology. Details on 'the connecting technique will 
be described below. 
C3 One can optionally repeat the application of further in- 

]i sulating Layer-s- and coil layers in the explained manner once 

IT or several times until circuit unit coil 3 composed of the 

vi yv coil 1 lave re has the desired number of turns. One must thereby , 

: J make sire that^end 15 of the coil layer^first printed on^is 

1 not covered, and that the circuit unit does not exceed a pre- 

~ r * ^ determined height. When printing on the last coil layer -one ° J 

^ can overprint end 15 of the first printed coil layer with a 

^3 conductive lacquer again. One then obtains two freshly 

tv printed coil ends 15 and 19 which can be electrically con- 
A A 
nected with the integrated circuit especially easily. 

/V PW*" £nd 19 of the last applied coil layer, i.e. coil layer S^Uo^ 

17 in Fig. 2, is applied in such a way that it is especially 
easy to form an electric connection^ rom coil ends 15 and 19 
to integrated circuit 7. In the embodiment of the invention 
shown in Fig. 2 the coil layers and insulating layers are ap- 
plied to insulating substrate 1 in a kind of frame. In the 



shown embodiment, coil ends 15 and 19 are guided into the m- 

A 

terior of the frame onto insulating substrate 1. One avoids 

superimposition of turns in a coil layer by guiding the in- 
F-^ve^ a 
p* ternal i^ad- of the particular coil layer*? into the part en- 

A ^ 
closed by the frame, as shown in Fig. 2. 

By suitable choice of the coil ends which are electri- 
cally connected with the integrated circuit one can always 



avoid suoerimposition of turns in a coil layer. For example, 

A or Second 

if coil end 19 -is to be outside the frame the internal end of 

coil layer 17 is connected with coil layer 9/^and the external v^v 

A /\ A 

end of coil layer 17 guided outward. 

Alternatively it is also possible to apply an insulating 

layer with a window to the last coil layer, whose free end xs 

/\ A 
connected with the integrated circuit. Through the window the 

free coil end can then be guided over the coil layer in any 

A 

direction, since no short-circuit can occur between the turns 

of the coil because of the covering layer. 

A 

According to the embodiment of Fig. 2 one applies inte- 
grated circuit 7 to the noncovered part of insulating sub- 
strate 1, electrically connecting the connection points of 

the circuit with ends 15 and 19 of the resulting coil e.g. by 

A A . 

means of bonding wires 21. One can simplify the formation of 

the electric connections from integrated circuit 7 to coil 
ends 15 and 19 by making the coil ends wider than the indi- 
vidual turns of the coil. For this purpose one need only ac- 
cordingly adapt the artwork or, if the coil layers sprayed 
on, the masks used. No separate method steps are thus neces- 
sary for producing widened coil ends. 

Fig. 3 shows a cross section along line -Ar—— At of Fig. 2 

to illustrate the sequence of layers. Coil layer 9 is applied 

A 

to insulating substrate 1, being covered by insulating layer 

11 containing window 13 through which further coil layer 17 

3,^0 A 

is electrically connected with coil layer^9. Further insulat- 
ing layers and coil layers can follow alternately.^ 

In a variant the connection between integrated circuit 7 
and coil ends 15 and 19 is not formed via bonding wires but 
by directly mounting integrated circuit 7 on coil ends 15 and 
19. For this purpose integrated circuit 7, or module 23 con- 
taining integrated circuit 7, can either be mounted on coil 
ends 15 and 19 already applied, or circuit 7 or module 23 is 
first inserted in substrate 1 and then overprinted with coil 
ends 15 and 19. 



■ F i g - — 4 - shows cross sections of two embodiments of the 
inventive circuit unit wherein coil^ends 15 and 19 were first 
printed on substrate 1, and module 23 or integrated circuit 7 
then mounted on coil ends 15 and 19. Module 23 or integrated 
circuit 7 can be mounted either directly after the printing 
operation or only after a short period of time in which the 
printed conductive lacquer dries at least partly. 

Fig. 4a shows substrate 1 with printed coil ends 15 and 
19 and module 23, Module 23 contains integrated circuit 7 
which is coated by casting compound 8 and whose connection 
points 27 are electrically connected with contacts 25 of mod- 
ule 23 via bonding wires. Module 23 is mounted on coil ends 
15 and 19 in such a way that contacts 25 of module 23 touch 
coil ends 15, 19. The arrangement shown in Fig. 4a can be 
covered by a cover foil not shown in the figures, which op- 
tionally contains a gap for module 23. In the embodiment 
shown in Fig. 4a, module 23 is mounted on coil ends 15 and 19 
in such a way that casting compound 8 points away from coil 
ends 15 and 19. However it is also possible to mount the mod- 
ule turned by 180°. In this case one should provide a corre- 
sponding gap in substrate 1 for partly receiving casting com- 
pound 8. This variant is used in particular when a low over- 
all height of the circuit unit is to be achieved. 

Fig. 4b again shows substrate 1 with printed coil ends 
15 and 19. Integrated circuit 7 is mounted on coil ends 15 
and 19 in such a way that connection points 27 of integrated 
circuit 7 touch coil ends 15, 19. As in the embodiment of 
Fig. 4a, the structure shown in Fig. 4b can also be protected 
by a cover foil not shown, which can optionally contain a gap 
for integrated circuit 7. 

Fit jf ! 5 blruws cross sections of two embodiments of the 
inventive circuit unit whereby module 23 or integrated cir- 
cuit 7 is overprinted for contacting with coil ends 15 and 
19. 

In Fig. 5a module 23 is fit into substrate 1 in such a 
way that the surface of module 23 is flush with the surface 
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of substrate 1. Coil ends 15 and 19 printed on after inser- 
tion of module 23 in substrate 1 extend over the surface of 
module 23 so far that they partly cover contacts 25 of module 
23 so as to form an electric connection between contacts 25 
and coil ends 15 and 19. 

In Fig. 5b integrated circuit 7, instead of module 23, 
is inserted into substrate 1 in such a way that the surface 
of integrated circuit 7 is flush with the surface of sub- 
strate 1 and connection points 27 of integrated circuit 7 
point upward. Coil ends 15 and 19 are printed on substrate 1 
in such a way that they extend over connection points 27 of 
integrated circuit 7. This forms an electric connection be- 
tween connection points 27 and each coil end 15 and 19. For 
embedding integrated circuit 7 in substrate 1 one can either 
provide a corresponding gap, or press the chip into substrate 
1 using heat and pressure. 

Some variants for throughplating will now be described 
with which one can form electric connections between two coil 
layers or between a coil layer and connection point 27 of in- 
tegrated circuit 7 or contact 25 of module 23 through insu- 
lating layer 11, for example a thin insulating foil. 

Fig. 6 shows an embodiment of the inventive circuit unit 
in cross section, in which the throughplating takes place 
when the individual layers of the circuit unit are laminated 
together. One can see the sequence of layers of the circuit 
unit before the laminating- process . -SV^o^ 

According to Fig. 6 substrate la with coil layer 17 and 
substrate lb with coil layer^ are separated from each other 
by insulating foil 11. Window 13 is provided in foil 11 by 
punching, piercing or by laser beam at a place where coil 
layerl^Snd 17 are opposite each other. Lamination produces 
a £S^&&- f rom individual layers la, lb and 11. Simultane- 
ously the laminating process forms^an^ electric connection be- 
tween coil layer^tnd coil layerT^ through window 13. This^ 



can be supported by applying to at least one of coil layers^ 9 
and 17 opposite window 13 a small portion of conductive adhe- 
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sive 29 which flows into window 13 during lamination, thereby 

(V forming an electric connection between coil layer^ 9 and 17. 

Fig. 7 shows an embodiment of the inventive circuit unit 

in cross section, in which insulating foil 11- is printed with 

^ coil layerSsS, 17 one on each side, with layers 9 and 17 

partly overlapping. In the overlap area insulating foil 11 

has- one or more windows 13 which are produced for example by 

Or- punching, piercing or by laser beam. When coil 3raye^s- 9 and 

17 are printed on insulating foil 11 by the screen printing 

method, windows 13 are filled with the printing material, for 

example a conductive lacquer, thereby forming electric con- 

f>r nections between coil la yers 9 and 17. 

;3 Fig. 8 shows a further embodiment for throughplating. As 

in Fig. h— r^kx_ ] ay^r^ q and 17 are applied to the opposite 
/\ 

sides of insulating foil 11 so that they partly overlap. In 

the overlap area at least one thin wire 31 is slipped in to 

penetrate coil layer 17, insulating foil 11 and at least 
A 

partly also coil layer 9, thereby forming an electric connec- 

f~ ^ tion between coil -iay«s- 9 and 17. Wire 31 can also be fed 

fit _/v 

£ 3i^ completely through coil layer^9 and bent at its end by a 

M suitable apparatus. To facilitate the feedthrough of wire 31 

: ""5 

one can heat it in one variant of the embodiment. c 
^ Fig. 9 shows an embodiment in which coil layer^9 and 17 

are first applied to the opposite sides of insulating foil 
^ 11. At least one window 13 is then provided in coil layers 9 

and 17 and intermediate insulating foil 11, for example by 

punching, piercing or by laser beam, in the area where oppo- 

<*v site coil layer? 9 and 17 overlap. Window 13 is finally 

A A 

filled with conductive adhesive 33 and an electric connection 
fv, thus formed between coil layer&. 9 and 17. 

^ . F - ig -s — ir© shows an embodiment in which an electric connec- 

rv tion can be formed between coil layers 9 and 17 by means or 
x * /\ \ A 

connecting element 35. 

Fig. 10a shows the sequence of layers of the circuit 

unit before the laminating process. Coil layer 9 is applied 

to substrate 1. Above substrate 1 there is insulating foil 11 
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which carries coil layer 17 and has window 13 in an area op- 
posite coil layer^9 and adjacent coil layer^l7. Connecting 
element 35 is disposed on auxiliary carrier foil 37 above 
window 13 and overlapping with coil layer^l7. Connecting ele- 
ment 35 can consist for example of a thermally activable con- 
ductive adhesive. 

Fig. 10b shows the layer structure from Fig. 10a after 
lamination. The layers shown in Fig. 10a can be joined into a 
compound under pressure and heat by means of a conventional 
laminating press. The laminating press die pressing against 
the top of the structure is formed so that connecting element 
35 is pressed through window 13 against coil layer^ 9 and con- 
nects therewith during the laminating process. The other end 
of connecting element 35 is pressed against coil layer^l7 and 
connects therewith. This forms an electric connection between 
coil layers "^and 17. Auxiliary carrier foil 37 comes off 
connecting ^element 35 during lamination and is then removed. 

In a variant of the invention one can omit window or 
windows 13 in insulating layer 11. In this variant there is 
no electric connection between the individual coil layer^St^* 
The coil layers^areTinstead coupled capacitively . Capacitive 
coupling can also be used for coupling integrated circuit 7 
with coil 3 so that an electric connection can likewise be 
omitted here. 

A further aspect of the invention is that it eliminates 
restrictions that existed up to now with respect to relief- 
embossing a circuit unit containing coil 3. This can be done 
by various measures each applicable with both single-layer 
and multilayer coils 3. 

Fig. 11 shows a circuit unit in a plan view, with dotted 
lines delimiting areas 37 and 38 within which relief emboss- 
ing is admissible in chip cards according to ISO standard 
7811. Relief embossing can be used. for example to bring out 
letters and numbers or other characters. The embossed charac- 
ters can be printed on a paper voucher with a suitable appa- 
ratus if required. However, embossing can damage coil 3. 
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Lower area 37 is especially problematic in terms of possible 
damage to turns of the coil, since coil 3 is generally re- 
quired to have a large area and the turns therefore run close 
to the edge of the circuit unit. 

Fig. 12 shows an enlarged detail of the circuit unit 
shown in Fig. 11 in a plan view. To prevent interruption of 
the turns of coil 3, turn 39 is disposed between relief em- 
bossing field 37 and the edge of substrate 1 in the embodi- 
ment according to Fig. 3. If there is enough room, several 
turns or even all turns of coil 3 can also run here. Since no 
embossing occurs in this area there is no danger of the turns 
of coil 3 being interrupted by the embossing process. With a 
multilayer coil the room becomes scarce at higher numbers of 
turns than with a single-layer coil, since not all turns have 
to be disposed side by side. 

Turns 41 running in the area of relief embossing field 
37 are so greatly widened that they are wider than the size 
of the characters embossed there. This ensures that turns 41 
are not interrupted by the embossing process, even if the em- 
bossed characters would each sever a cross section of turns 
41 corresponding to the character size. If there is not 
enough room for one or more turns 39 outside relief embossing 
field 37, all turns 41 can be guided through relief embossing 
field 37. 

Fig. 13 likewise shows an enlarged detail of the circuit 
unit shown in Fig. 11 in a plan view. According to the em- 
bodiment shown in Fig. 13 the turns of coil 3 are guided ei- 
ther between relief embossing field 37 and the edge of the 
circuit unit (turn 39), or following the relief embossing 
lines or between the individual relief embossing lines (turns 
43) . Turns 4 3 running between the relief embossing lines or 
directly following the relief embossing lines are somewhat 
widened to compensate production tolerances. This ensures 
that at least a partial area of turns 43 runs on a surface 
which is not embossed so that there is no danger of turns 43 
being interrupted. In the embodiment shown in Fig. 13 it also 




depends on the exact dimension of the turns whether no turn 
at all, or at least one turn 39, can be guided past the re- 
lief embossing field, i.e. whether there is enough room for 
one or even for several turns 39 between relief embossing 
field 37 and the edge of the substrate. The turn variants 
shown in Figs. 12 and 13 can also be combined. 

Besides the already outlined measures, others are also 
conceivable for preventing interruption of the turns of coil 
3 by embossing. For example the properties of the coating ma- 
terial used for producing the turns can be adapted as greatly 
as possible to substrate 1 to which they are applied, so that 
the coating material does not crack and thus interrupt the 
turns during embossing. It is likewise conceivable to use as 
a coating material conductive plastics which are so elastic 
that they do not crack during embossing. 

In the embodiments in which one or more turns 39 are 
guided between relief embossing field 37 and the edge of the 
circuit unit, the resistance of coil 3 might possibly assume 
inadmissibly high values since turns 39 must be very narrow 
due to the little room available. This problem can be coun- 
teracted by applying turns 39 in greater layer thicknesses, 
which can be done for example by multiple printing. It is 
likewise possible to reduce the resistance by widening turns 
39 in the areas where enough room is available. 

The circuit unit can be produced either in single piece 
production or via sheets or webs which are divided into indi- 
vidual circuit units at the end of production. 

The described measures for improving the circuit unit, 
for example providing a multilayer coil structure whereby 
different throughplating variants are possible, permitting 
relief embossing of the circuit unit by suitably selecting 
the coil layer dimensions and pattern, optionally also mate- 
rial, and directly contacting the integrated circuit or mod- 
ule with the coil, can be used either singly or in combina- 
tion. 



